ABSTRACT Background: Low-glycemic index (low-GI) diets may be less nutritious because of limited food choices. Alternately, high-GI diets could be less healthful because of a higher intake of refined carbohydrate. Objective: The objective was to investigate the association between dietary GI, intakes of carbohydrates from high-GI (CHO high GI ) and low-GI (CHO low GI ) sources, and the risk of nutrient inadequacy in children and adolescents. Design: Children, aged 2-16 y, who provided 2 plausible 24-h recalls in a national survey were included (n = 4140). The ORs of not meeting the Australian Nutrient Reference Values (NRVs) were calculated by logistic regression. Results: Subjects with higher intakes of CHO high GI were found to be at risk of not meeting the NRVs for a wide range of nutrients, including calcium and iodine (both P-trend , 0.001). In comparison with subjects in the lowest quartile of CHO high GI , those in the highest quartile had 3 times (adjusted OR: 3.13; 95% CI: 2.47, 3.97; P-trend , 0.001) the risk of not meeting the Estimated Average Requirement for calcium. For iodine, the risk increased .5-fold (adjusted OR: 5.45; 95% CI: 3.97, 7.48; P-trend , 0.001). On the other hand, subjects with higher intakes of CHO low GI were less likely to meet Adequate Intakes of unsaturated fatty acids (all Ptrend , 0.001), despite having lower risks of not meeting the NRVs for most nutrients. Conclusion: Children and adolescents who consume more CHO low GI are more likely to meet most nutrient recommendations than those consuming higher GI diets.
INTRODUCTION
Diets with a low GI 5 have been associated with reduced risks of chronic diseases such as type 2 diabetes (1, 2), cardiovascular diseases (2) (3) (4) , and several forms of cancers (2, (4) (5) (6) (7) . The mechanism of any relation between low-GI diets and chronic disease has been assumed to be related to lower postprandial blood glucose concentrations and insulin responses (8) . However, a low-GI diet may also result in improved nutrient adequacy because foods that are naturally high in nutrients often have a low GI, eg, dairy foods and most fruit. In contrast, many nutritious foods such as whole-meal breads, brown rice, or lowfat potatoes have a high GI, and there is concern that their exclusion may adversely affect micronutrient intake. Energy-dense and nutrient-poor foods generally have a moderate GI (eg, soft drinks) but a high intake would increase dietary GL.
To our knowledge, there has been no investigation into the association between dietary GI and nutrient adequacy in either adults or children. The aim of this study was therefore to investigate the association between dietary GI and the odds of not meeting the Australian NRVs by using data from the most recent Australian national data set available to date, the 2007 ANCNPAS (9) . Because higher intakes of CHO high GI , but not CHO low GI , have also recently been linked to an increased risk of coronary artery disease in women (8), we additionally investigated how nutritional adequacy relates to carbohydrate intake from high-or low-GI foods, respectively.
METHODS

The 2007 ANCNPAS
The 2007 ANCNPAS was commissioned in 2007 by the Australian Government Department of Agriculture, Fisheries, and Forestry and the Australian Food and Grocery Council (9) . The methodology of the 2007 ANCNPAS was previously described in detail (10) . In brief, the survey measured the dietary intakes of food and beverages as well as use of supplements by using the 24-h recall method. These data were collected on children aged 2-16 y (n = 4834) between 22 February and 30 August 2007. Dietary data were collected from the primary caregiver for children aged 2-8 y; children aged 9 y reported their own dietary intake. Dietary intake data were entered into a custom database, with nutrition compositions based on the AUSNUT2007 database (11). The demographic characteristics of the participants have been previously described (12) .
Data cleaning
Children who completed only one 24-h recall (n = 179) were excluded from the analyses, and the plausibility of the remaining food intake data was assessed by using the Goldberg cutoff for specific physical activity level (13) . We excluded 339 underreporters and 129 overreporters on the basis of this method. An additional 47 subjects were excluded because weight and/or height were not recorded and because plausibility of food intake data could not be assessed. The final data set included 4140 participants (51% male) who provided two 24-h recalls.
Calculation of GL, dietary GI, and intakes of low-and high-GI carbohydrates
The method used to assign GI values to the food items in the 2007 ANCNPAS data set was previously described (12, 14) . The GL of each food item was calculated as the corresponding GI (as %) · amount (in g) of available carbohydrate in a serving of that food. The daily dietary GL of each subject was calculated as P GL, and the daily dietary GI was obtained by (daily dietary GL/total available carbohydrate intake in the day) · 100%.
Carbohydrates from foods with a GI less than the median GI of all food items in the database (GI = 52) were considered CHO low GI , whereas those from foods with a GI . 52 were termed CHO high GI .
Comparison to the Australian NRVs
The nutrient intakes of the participants were compared with the latest Australia NRVs (15) . For calcium, iron, iodine, zinc, magnesium, phosphorus, vitamin A (as retinol equivalents), thiamin, riboflavin, dietary folate equivalents, and vitamin C, intakes lower than the EAR were considered as not meeting the NRV; for potassium, LA, ALA, LC n-3 PUFAs, dietary fiber, vitamin D, and vitamin E, intakes lower than the Adequate Intake were considered as not meeting the NRV; and for sodium, intakes higher than the Upper Level were considered as not meeting the NRV. Individuals with an energy intake from SFAs .10% were considered as not meeting the SFA target stated in the NRV. The prevalence of inadequate protein intake was extremely low (data not shown).
Statistical analysis
Data were weighted to account for over-or undersampling to enable representation of the Australian population aged 2-16 y in terms of age group, sex, and region. BMI z scores of the subjects were calculated by using the WHO Anthro SPSS macro (version 3.1, June 2010). Dietary GI and carbohydrate variables were adjusted for total energy intake by using the residual method (16) . Residuals were used to create sex-and age group-specific quartiles. Trends across the quartiles were assessed by linear regression. Pearson's chi-square test was used to test for differences between numbers of male participants across the quartiles.
Logistic regression analysis was used to calculate the ORs of not meeting the Australian NRVs by sex-and age group-specific quartiles of GI and carbohydrates from low-or higher GI foods. Model 1 included adjustments for age and sex, and model 2 additionally adjusted for total energy intake. Additional adjustment for BMI z score did not significantly alter the direction, amplitude, or significance of the associations and was therefore not presented. Trend analyses across quartiles were performed by using ordinal variables containing median GI values for each quartile. Because of the number of tests conducted, P , 0.01 was considered to indicate marginal significance, and P , 0.001 was considered significant to reduce the chance of type I error. All statistical analyses were performed by using Statistical Packages for Social Science, version 19.0 (IBM Australia). 
RESULTS
Mean 6 SD daily intakes of selected nutrients and demographic characteristics of the 2007 ANCNPAS respondents by age-and sex-specific quartiles of GI residuals are shown in Table 1 . Subjects who had a higher GI tended to consume a higher proportion of energy from carbohydrate and total available carbohydrate. They also tended to consume less energy from sugars, dietary fiber, and calcium.
The ORs of not meeting the Australian NRVs by age-and sexspecific quartiles of GI residuals are shown in Table 2 . In general, apart from SFAs and LA, which showed a decreasing trend of risk, subjects with a higher GI tended to have higher risks of not meeting the Australian NRVs for most nutrients. Notably, subjects in the highest quartile had .4 times the risk of not meeting the NRVs for calcium, iodine, riboflavin, and vitamin A in model 2. There was no trend across quartiles of GI residuals for intake of iron, zinc, thiamine, and vitamin C.
The risks of not meeting the Australian NRVs for selected nutrients by age-and sex-specific quartiles of CHO high GI residuals are shown in Table 3 . Significantly increased risks were evident among subjects in the higher quartiles for most nutrients except for fiber, LA, iron, sodium, thiamine, dietary folate equivalents, and vitamin C.
Subjects with higher intakes of CHO low GI were found to be more likely to meet the Australian NRVs for a wide range of nutrients, but they were less likely to meet the Adequate Intake for LA, ALA, and LC n-3 PUFAs (Table 4) . Subjects in the highest quartile of CHO low GI had a lower likelihood of not meeting the NRVs for most nutrients compared with children who were in the lowest quartile of CHO low GI , and for dietary fiber, calcium, and iodine the risk was more than halved.
We performed sensitivity analyses that included all of the subjects (n = 4655), and after excluding subjects aged 2 y (n = 4112), and the results were similar (see Supplemental Tables 1-3 under "Supplemental data" in the online issue).
DISCUSSION
To the best of our knowledge, this study is the first to investigate the association between dietary GI and nutrient adequacy. We have shown that among Australian children and adolescents, those who consume a diet with a lower GI, or more CHO low GI , were more likely to meet the Australian NRVs, that is, to have a more nutritionally adequate diet.
In addition, we have also shown that participants who reported the highest consumption of CHO high GI had a significantly higher risk of not meeting the NRVs for a wide range of essential nutrients, such as calcium (multivariate adjusted OR: 3.13), iodine (multivariate adjusted OR: 5.45), and vitamin A (multivariate adjusted OR: 3.77). This suggests that many of the high-GI foods consumed by the sample population were of low nutritional quality. A previous study in 215 rural Australian children aged 10-12 y reported the main drivers for increasing dietary GI were foods with low nutritional quality such as white breads, soft drinks, and sweet drink concentrates (17) . Our previous analyses of the 2007 ANCNPAS found that among children aged 4 y, white breads and soft drinks contributed a significant proportion of their dietary GL (28-46% among consumers) (12) . 1 ORs were calculated by using logistic regression. Values were adjusted for energy by using the residual method. Model 1 was adjusted for age and sex; model 2 was adjusted as for model 1 with additional adjustment for total energy intake. For calcium, iron, iodine, zinc, magnesium, phosphorus, vitamin A RE, thiamine, riboflavin, DFE, and vitamin C, intakes lower than the Estimated Average Requirement were considered as not meeting the NRV; for potassium, LA, ALA, LC n-3 PUFAs, dietary fiber, vitamin D, and vitamin E, intakes lower than the Adequate Intake were considered to be inadequate; for sodium, intakes higher than the Upper Level were considered as not meeting the NRV. ALA, a-linolenic acid; DFE, dietary folate equivalents; GI, glycemic index; LA, linoleic acid; LC n-3 PUFAs, long-chain n-3 PUFAs; NRV, Nutrient Reference Value; Q, quartile; RE, retinol equivalents; ref, reference.
2 Tests for trend were based on ordinal variables containing median values for each quartile. P , 0.01 was considered to be of marginal significance, and P , 0.001 was considered significant. Similarly, "tolerated food groups" (ie, sweets, soft drinks, cakes and cookies, and salty snacks) made a major contribution to the dietary GL of 7-8-y-old German children (18) . A higher dietary GI was found to be related to a lower SFA intake. In particular, those who consumed large amounts of CHO high GI had a very low risk of not meeting the recommendation for SFA (OR of 0.14 in the upper quartile). This suggests that, in practice, the reduction in saturated fat intake may often be accompanied by the consumption of lower-quality carbohydrate (eg, replacing a bacon-and-egg breakfast with cornflakes), although the replacement of saturated fat by good-quality carbohydrates is also possible.
In the present study, we also found a novel link between diets rich in CHO low GI and a lower intake of PUFAs (ALA, LA, and LC n-3 PUFAs). This association may be driven by the fact that a higher intake of carbohydrate foods, irrespective of GI, was associated with lower intake of fat. For example, children who consumed a low-GI breakfast cereal or toasted bread were less likely to consume a breakfast based on eggs and bacon, which has a higher content of fat and LC n-3 PUFAs. This interpretation is in line with the observation that higher intakes of CHO high GI were also related to an increased risk of not meeting the recommendations for ALA and LC n-3 PUFAs, albeit to a lesser degree. It should be noted, however, that many Australian children and adolescents had suboptimal intake of n-3 fatty acids (19, 20) , which may have contributed to this finding.
Although the present findings improve our understanding of the potential mechanisms underlying the association between GI and the risk of chronic disease, they are also relevant to the potential impact of considering GI in dietary guidelines for the general population. Whereas some aspects of carbohydrate quality are presently considered [eg, choose products high in whole grains and/or fiber (21, 22) ], the GI is not. We did not expect to find that a high-GI diet would be poorer in quality, because many high-fiber breads and whole-grain breakfast cereals have a high GI. Indeed, some dietitians have suggested that a focus on low GI may adversely affect dietary quality because it restricts food choice (23, 24) . However, our findings imply that the GI may be a better indicator of overall food quality than the fiber or whole-grain content.
In addition, our findings indicate that any association between dietary GI and nutrient adequacy must be considered as an additional mechanism in epidemiologic and interventional studies in which the GI is the focus. Indeed, adjustment for differences in micronutrient or vitamin intake may mean that GI is no longer related to the risk of chronic disease. Our results also show that dietary advice should simultaneously address the quality of fat and carbohydrate. On the one hand, a focus on reducing SFA intake appears to confer an increased risk of a poor carbohydrate quality; on the other hand, a preferred consumption of CHO low GI alone does not guarantee favorable intake amounts of PUFAs. The link between CHO low GI and lower intakes of LC n-3 PUFAs is a concern that needs to be addressed in further studies.
A particular strength of this study is the use of a published method for assigning GI values to the food items in the 2007 ANCNPAS food database. On the basis of this method, 85% of the food items were assigned a GI value in the first 2 steps, which 1 ORs were calculated by using logistic regression. Values were adjusted for energy by using the residual method. Model 1 was adjusted for age and sex; model 2 was adjusted as for model 1 with additional adjustment for total energy intake. For calcium, iron, iodine, zinc, magnesium, phosphorus, vitamin A RE, thiamine, riboflavin, DFE, and vitamin C, intakes lower than the Estimated Average Requirement were considered as not meeting the NRV; for potassium, LA, ALA, LC n-3 PUFAs, dietary fiber, vitamin D, and vitamin E, intakes lower than the Adequate Intake were considered to be inadequate; for sodium, intakes higher than the Upper Level were considered as not meeting the NRV. ALA, a-linolenic acid; CHO high GI , carbohydrates from higher-glycemic index foods; DFE, dietary folate equivalents; LA, linoleic acid; LC n-3 PUFAs, long-chain n-3 PUFAs; NRV, Nutrient Reference Value; Q, quartile; RE, retinol equivalents; ref, reference.
2 Tests for trend were based on ordinal variables containing median values for each quartile. P , 0.01 was considered to be of marginal significance, and P , 0.001 was considered significant. used the current best-available sources of GI values, therefore increasing the reliability of the GI values assigned. The use of a nationally representative sample also increased the generalizability of the findings. This study was limited in several ways, however. First, due to the number of tests conducted, the chance of type I error is high. Although the use of a more stringent significance criterion of P , 0.001 had reduced the likelihood of such error, the results should be interpreted with caution. In addition, the evidence to support the use of 24-h dietary recall in children is currently limited, even though it is a suitable dietary assessment method for use in a large sample population. It has also been argued that an accurate dietary assessment among children is especially difficult (25) . By using the Goldberg cutoff for specific physical activity level method (13), we have excluded under-and overreporters on the basis of a scientifically accepted methodology, which is likely to increase the plausibility of our findings, although we cannot exclude the possibility of residual error.
Dietary intake is subject to high day-to-day variance, and data obtained from two 24-h recalls may not capture the habitual intake of an individual (25, 26) , especially for items that are not frequently consumed (eg, seafood). The results of the present study should therefore be interpreted with caution. Increasing the number of recalls may allow a better estimation of habitual intake; however, it has been shown that among young children (aged 6 y), up to 9 d of recalls are required to ensure a 80% correlation between observed and true mean nutrient intakes of individuals (27) . This is both financially and logistically impractical for a national nutrition survey that includes thousands of subjects. The increase in number of recalls may also increase the chance of underreporting, and is highly demanding on the participants, which may result in a low response rate and render the collected data nonrepresentative. Two 24-h recalls are the usual choice in national nutrition surveys (28) (29) (30) to balance the accuracy of the dietary data collected against respondent burden. Ideally, the findings of the present study should be confirmed by using data sets that are based on food records.
In conclusion, children and adolescents who had a high dietary GI were at high risk of inadequate intake of several key nutrients. We found that subjects who consumed more carbohydrate from low-GI sources were more likely to meet the Australian NRVs, achieving a more nutritionally adequate diet. The findings of the present study provide reassurance that the health benefits of a low-GI diet, at least among children and adolescents, extend beyond the ability to reduce postprandial glycemia. Further research needs to be conducted into the potential impact on fatty acid intake. The authors' responsibilities were as follows-JCYL, AEB, VMF, and JCB-M: contributed to the conception of the study; JCYL: assigned the GI values with input from VMF, performed the statistical analyses under the guidance of AEB, and drafted the manuscript; and JCYL, AEB, VMF, and 1 ORs were calculated by using logistic regression. Values were adjusted for energy by using the residual method. Model 1 was adjusted for age and sex; model 2 was adjusted as for model 1 with additional adjustment for total energy intake. For calcium, iron, iodine, zinc, magnesium, phosphorus, vitamin A RE, thiamine, riboflavin, DFE, and vitamin C, intakes lower than the Estimated Average Requirement were considered as not meeting the NRV; for potassium, LA, ALA, LC n-3 PUFAs, dietary fiber, vitamin D, and vitamin E, intakes lower than the Adequate Intake were considered inadequate; for sodium, intakes higher than the Upper Level were considered as not meeting the NRV. ALA, a-linolenic acid; CHO low GI , carbohydrates from low-glycemic index foods; DFE, dietary folate equivalents; LA, linoleic acid; LC n-3 PUFAs, long-chain n-3 PUFAs; NRV, Nutrient Reference Value; Q, quartile; RE, retinol equivalents; ref, reference.
2 Tests for trend were based on ordinal variables containing median values for each quartile. P , 0.01 was considered to be of marginal significance, and P , 0.001 was considered significant. JCBM: critically reviewed and interpreted the data, were involved in the subsequent edits of the manuscript, and read and approved the final manuscript.
